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ABSTRACT 
1)ynamics of Manganese, Cadmium and Lead i n  
Exper imental  Power P l a n t  Ponds 
T h i s  s t ~ i d y  was des igned  t o  de te rmine  t h e  e f f e c t  of h e a t e d  power p l a n t  
c o o l i n g  wate r  on t h e  compar tmenta l i za t ion  of manganese, l e a d  and cadmium i n  
e x p e r i m e n t a l  ponds. Caged channel  c a t f i s h  and g r e e n  s u n f i s h  were kep t  i n  
a n  e x p e r i m e n t a l  pond and a  c o n t r o l  pond. P e r i o d i c a l l y ,  whole f i s h e s ,  g i l l ,  
h e a r t ,  k idney,  l i v e r  and muscu la tu re  were ana lyzed  f o r  t h e  t h r e e  m e t a l s .  
C o n c e n t r a t i o n s  of t h e  t h r e e  m e t a l s  i n  f i s h e s  were n o t  a f f e c t e d  by t h e  
t empera tu re  d i f f e r e n t i a l  main ta ined  d u r i n g  t h e  s t u d y .  There  was no c o r r e l a t i o n  
i n  c o n c e n t r a t i o n s  of cadmium and l e a d  w i t h  age  (weight  and l e n g t h )  of f i s h e s  
bu t  manganese c o n c e n t r a t i o n s  d e c l i n e d  s l i g h t l y  w i t h  age.  The wate r  component 
o f  t h e  sys tem con ta ined  t h e  lowest  c o n c e n t r a t i o n  of t h e  m e t a l s  w i t h  sed iments  
a c t i n g  a s  a c h a r a c t e r i s t i c  s i n k .  C o n c e n t r a t i o n s  of t h e  t h r e e  m e t a l s  i n  
wa te r  and sed iments  of t h e  ponds were u n a f f e c t e d  by h e a t  inasmuch as 
c o n c e n t r a t i o n  d i f f e r e n c e s  between ponds were n o t  s i g n i f i c a n t  a t  t h e  .05 
l e v e l .  Aqua t ic  organisms such as s n a i l s ,  f i n g e r n a i l  clams, l e e c h e s ,  t u b i f i c i d  
a n n e l i d s  and d r a g o n f l y  nymphs e x h i b i t e d  c o n c e n t r a t i o n s  of cadmium h i g h e r  t h a n  
sed iments  w h i l e  s n a i l s  and duckweed more c l o s e l y  r e f l e c t e d  c o n c e n t r a t i a n s  o f  
manganese i n  sediments .  T u b i f i c i d  worms and l e e c h e s  more c l o s e l y  r e f l e c t e d  
l e a d  c o n c e n t r a t i o n s  i n  sed iments  w h i l e  f i n g e r n a i l  clams and s n a i l s  e x h i b i t e d  
h i g h e r  c o n c e n t r a t i o n s .  
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The o b j e c t i v e s  of t h i s  i n v e s t i g a t i o n  were t o  (1) de te rmine  t h e  e f f e c t  
of hea ted  power p l a n t  water on t h e  up take  and r e t e n t i o n  of manganese, cadmium 
and l e a d  i n  s e l e c t e d  a q u a t i c  i n v e r t e b r a t e s ,  channe l  c a t f i s h ,  g r e e n  s u n f i s h ,  
and a q u a t i c  macrophytes and (2) t o  s t u d y  t h e  d i s t r i b u t i o n  of manganese, cadmium 
and l e a d  i n  sediments  and wate r  o f  exper imenta l  power p l a n t  ponds. 
The o b j e c t i v e s  were t o  b e  accomplished by (1) p l a c i n g  f i n g e r l i n g  channel  
c a t f i s h  and g r e e n  s u n f i s h  i n  ho ld ing  pens  i n  two ponds, one  a n  exper imenta l  
pond and one  a  c o n t r o l  pond. Whole f i s h  and s e l e c t e d  o rgans  of channe l  c a t f i s h  
and g r e e n  s u n f i s h  were t o  b e  ana lyzed  i n t e n s i v e l y  d u r i n g  t h e  s tudy .  The 
e x p e r i m e n t a l  pond w a s  t o  r e c e i v e  hea ted  power p l a n t  wa te r  and be main ta ined  
4 -6 '~  above ambient t empera tu re  d u r i n g  t h e  s t u d y  and ( 2 )  c o l l e c t i n g  sed iments ,  
w a t e r ,  Odonata nymphs, t u b i f i c i d  a n n e l i d s ,  s n a i l s ,  l e e c h e s ,  f i n g e r n a i l  clams 
and duckweed and a n a l y z i n g  f o r  t h e  metals. 
A t y p i c a l  d i s t r i b u t i o n  p r o f i l e  f o r  manganese, cadmiun~ and l e a d  f o r  
power p l a n t  c o o l i n g  ponds w a s  t o  be  developed. 
INTRODUCTION 
Over t h e  p a s t  few decades,  a number'of heavy me ta l s  have been r e l ea sed  
i n t o  t h e  environment where most have been concent ra ted  i n  sediments of 
a q u a t i c  environments, e s p e c i a l l y  l a r g e  navigable  r i v e r s .  The s i g n i f i c a n c e  of 
heavy meta l s  and thermal  enrichment i n  a q u a t i c  environments has been recognized 
by va r ious  r egu la to ry  agencies  f o r  some time. Tied i n  c l o s e l y  wi th  t h i s  
s i t u a t i o n  i s  t h e  concomitant growth of e l e c t r i c a l  gene ra t i ng  p l a n t s  r equ i r ing  
l a r g e  volumes of water  f o r  cool ing  purposes.  A s  a r e s u l t ,  a q u a t i c  organisms 
can be exposed t o  h igher  than normal ambient temperatures .  A secondary 
problem r e l a t e d  t o  t h i s  is  t h e  p o t e n t i a l  f o r  s y n e r g i s t i c  e f f e c t s  of heavy 
me ta l s  and heated water.  
I n  r e c e n t  years ,  a number of i n v e s t i g a t i o n s  have been made on t h e  
d i s t r i b u t i o n  of heavy meta l s  i n  a q u a t i c  systems (Mathis and Cummings, 1973; 
Piathis and Kevern, 1975; Enk and Mathis,  1977; Col l inson  and Shimp, 1972; 
Bu l thu i s ,  Craig and McNabb, 1974). Most i n v e s t i g a t i o n s  have been concerned 
w i t h  t h e  dynamics of heavy meta l s  a t  ambient temperatures  and, i n  gene ra l ,  
i t  has  been shown t h a t  c e r t a i n  meta l s  a r e  accumulated i n  t i s s u e s  of a q u a t i c  
organisms. A number of i n v e s t i g a t i o n s  have a l s o  been made on t h e  e f f e c t s  
of hea ted  e f f l u e n t s  on a q u a t i c  l i f e  i n  t h e  p a s t  few yea r s  (Schubel, 1974; 
Bennet, 1972; Gibbons and Bennet , . l973) .  
Plost s t u d i e s  have d e a l t  wi th  one problem o r  t h e  o t h e r  w i t h  few s t u d i e s  
concerned w i t h  both temperature  and heavy meta l s .  A s i g n i f i c a n t  number of 
s t u d i e s ,  however, have been performed under c o n t r o l l e d  l abo ra to ry  condi t ions .  
Rehwoldt e t  a l .  (1972) showed t h a t  cadmium t o x i c i t y  f o r  f i s h e s  a t  1 5 ' ~  and 
2 8 ' ~  was no t  s i g n i f i c a n t l y  d i f f e r e n t .  Jude (1973) r epo r t ed  t h a t  green 
s u n f i s h  exposed t o  0.05 ppm cadmium accumulated i n  20 days a s  much cadmium 
a s  f i s h  exposed t o  2  ppm cadmium and t h a t  e f f e c t s  of temperature  on cadmium 
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uptake were no t  s i g n i f i c a n t .  On t h e  o t h e r  hand, a  s t udy  by van Breedveld 
(1971) showed t h a t  t i s s u e  f a t  i n  o y s t e r s  exh ib i t ed  increased  cadmium and 
manganese concen t r a t i ons  wi th  i nc reas ing  temperatures .  Lead, on t h e  o t h e r  
hand, dec l ined  i n i t i a l l y  w i t h  increased  temperature  but  then  increased.  
S t u d i e s  on t h e  d i s t r i b u t i o n  of heavy meta l s  i n  a q u a t i c  ecosystems have 
shown t h a t  sediments a c t  a s  a  s i n k  f o r  heavy me ta l s  (Mathis and Cummings, 
1973; Mathis and Kevern, 1975; Enk and Mathis,  1977; Col l inson  and Shimp; 
1972). Aquatic organisms such a s  anne l id s  and clams i n h a b i t a t i n g  bottom 
sediments  have been shown t o  e x h i b i t  h igher  l ead  and cadmium concen t r a t i ons  
than f i s h e s  wh i l e  lowest  concen t r a t i ons  a r e  found i n  water  (Plathis and 
Cummings, 1973). Both l ead  and cadmium e x h i b i t  s i m i l a r  concen t r a t i on  
p r o f i l e s  i n  normal a q u a t i c  systems, but  l i t t l e  is  known about t h e  p r o f i l e  
f o r  manganese. Lentsch e t  a l .  (1971) found t h a t  t h e  manganese conten t  I 
of s e v e r a l  s p e c i e s  of roo ted  a q u a t i c  p l a n t s  was p ropor t i ona l  t o  t h e  d i sso lved  
manganese concen t r a t i ons  i n  water  whi le  s e v e r a l  s p e c i e s  of f i s h e s  maintained 
r e l a t i v e l y  cons t an t  manganese l e v e l s  r e g a r d l e s s  of concen t r a t i ons  i n  water .  
Harvey (1971a) demonstrated t h a t  midge l a r v a e  a r e  poor concen t r a to r s  of 
manganese. I n  another  s tudy,  Harvey (1971b) showed t h a t  temperature  had no 
e f f e c t  on t h e  s o r p t i o n  of t h e  r a d i o i s o t o p e  manganese-54 by f reshwater  a lgae .  
Manganese i s  probably not  a s  l imno log ica l ly  important  a s  cadmium and lead  
inasmuch a s  i t  is  e s s e n t i a l  a s  a  t r a c e  element f o r  a l l  l i v i n g  organisms 
(Bowen, 1966). Ko t l i a r evsk i ,  however, a s  quoted by Medved e t  a l .  (1964) 
repor ted  t h e  product ion  of abnorma l i t i e s  i n  condi t ioned responses  of dogs 
fo l lowing  exposure t o  manganese d u s t  a t  l e v e l s  t oo  low t o  produce any normal 
s i g n s  of poisoning. 
Aquatic  organisms a r e  expected t o  exper ience  an  i n c r e a s e  i n  metabol ic  
r a t e  due t o  increased  temperatures .  Bennet (1971) has shown t h a t  largemouth 
bas s  captured i n  heated environments had s i g n i f i c a n t l y  h igher  body temperatures  
than those  from c o n t r o l  a r ea s .  A s  a  r e s u l t ,  f i s h e s  exposed t o  h igher  
temperatures  would be  expected t o  e x h i b i t  higher  maintenance requirements .  
On t h e  o t h e r  hand, a n  i n v e s t i g a t i o n  of t h e  e f f e c t s  of heated power p l a n t  
cool ing  water  on f i v e  s p e c i e s  of f i s h  eggs by Schubel (1974) concluded t h a t  
entrainment  times of 2.5 t o  60 minutes and temperature  changes of 6-10°C d i d  
no t  significantly a f f e c t  hatching success .  
The p re sen t  s tudy  was designed t o  examine t h e  dynamics of cadmium, 
l ead  and manganese i n  an  a q u a t i c  ecosystem under a c t u a l  f i e l d  cond i t i ons  
t o  determine i f  t y p i c a l  compartmental izat ion of t h e s e  meta l s  i s  r e t a ined  
under cond i t i ons  of thermal  enrichment. 
DESCRIPTION OF STUDY AREA 
Two sha l low ponds (approximately 75' X 75' X 5 ' )  l oca t ed  on t h e  
C e n t r a l  I l l i n o i s  L ight  Company's E. D. Edwards c o a l  f i r e d  e l e c t r i c a l  
gene ra t i ng  s t a t i o n  were u t i l i z e d  i n  t h i s  study. The ponds were i d e n t i c a l  
wi th  one s e rv ing  a s  an experimental  pond and t h e  o t h e r  s e rv ing  a s  a  c o n t r o l  
pond. Both ponds rece ived  I l l i n o i s  River water from t h e  p l a n t .  Unheated 
r i v e r  water  w a s  allowed t o  flow cont inuous ly  through t h e  c o n t r o l  pond, 
w h i l e  once through cool ing water  was pumped from a d i scharge  tunne l  i n t o  t h e  
experimental  pond where i t  was allowed t o  f low back i n t o  t h e  r i v e r .  Pond 
l e v e l s  were maintained a t  a  cons t an t  dep th  by means of up r igh t  overf low 
pipes .  The temperature  d i f f e r e n t i a l  was maintained a t  4-6OC f o r  133  o u t  of 
139 days from June  16, 1975, through November 1, 1975, and f o r  55 days from 
A p r i l  22, 1976, through June  15,  1976. 
METHO1)S AND MATERIALS 
F i e l d  P r o c e d u r e s  
Approx ima te ly  125 c h a n n e l  c a t f i s h ,  I c t a l u r u s  p u n c t n t u s ,  a v e r a g i n g  
16 .3  cm i n  l e n g t h  and 35.0 g i n  w e i g h t ,  were  p l a c e d  i n  k i n c h  mesh n e t  p e n s  
i n  e a c h  pond (one  e x p e r i m e n t a l  arid o n e  c o n t r o l )  d u r i n g  ?lay o f  1975 a l o n g  
w i t h  100  g r e e n  s u n f i s h ,  Lepomis c y a n e l l u s ,  a v e r a g i n g  8 . 3  cm and 1 5 . 0  g. Heavy 
i c e  c o v e r  on  b o t h  ponds  d u r i n g  J a n u a r y  of  197h k i l l e d  t h e  c a t f i s h  i n  b o t h  
ponds.  I n  March o f  1976,  t h e  p e n s  ware  r e s t o c k e d  w i t h  300 c h a n n e l  c a t f i s h  
a v e r a g i n g  1 3 . 3  cm i n  l e n g t h  and 19 .4  g i n  w e i g h t .  A t  t h e  end of  t h e  s tu t ly ,  
t h e  g r e e n  s u n f i s h  a v e r a g e d  13 .4  cm i r ~  l e n g t h  and 49.U g i n  w e i g h t .  Channel  
c a t f i s h  p l a c e d  i n  t h e  n e t s  d u r i n g  :.lay, 1975,  a v e r a g e d  25.2 c m  and 172 1: 
when t h e  l a s t  sample  was t a k e n  i n  flovrmber o f  1975.  Channel  c a t f i s h  used  i n  
t h e  r e s t o c k i n g  ave raged  1 7 . U  cm and 4 3 . 4  g a t  t h e  end o f  t h e  s t u d y .  F i s h e s  
were f e d  o n  commercia l  g r a d e  f i s l i  f ood  c o n s i s t i n g  of  f 1 o a t i . n ~  and s i n k i n g  
t r o u t  chow and c a t f i s h  chow. Mean manganese c o n c e n t r a t i o n  i n  t h e  f i s h  food 
was 1 U Y  ppni, mean cadmium c o n c e n t r a t i o n  was 0 .23  pprn and mean l e a d  c o n c e n t r a t i o n  
was 5.7 ppm. 
A t  p e r i o d i c  i n t e r v a l s ,  s i x  t o  t w e l v e  i n d i v i d u a l s  o f  e a c h  s p e c i e s  were 
removed f rom e a c h  pond and s a c r i f i c e d  i n  o r d e r  t o  remove g l l l ,  h e a r t ,  
l i v e r ,  k i d n e y ,  and m u s c l e  t i s s u e .  ' l i s s u e  sarllples were  p l a c e d  i n  a c i d  washed 
b e a k e r s  and k e p t  f r o z e n  u n t i l  d i g e s t i o n .  S i x  whole f i s h  were a l s o  weighed and 
f r o z e n  f o r  whole  body a n a l y s i s  a t  t h i s  t i m e .  D i g e s t i o n  o f  whole  c a t f i s h  was 
d i s c o n t i n u e d  a f t e r  J u n e  o f  1975,  however,  b e c a u s c  t h e y  had become t o o  l a r g e .  
A f t e r  r e s t o c k i n g  i n  March of  1976 ,  whole  c a t f i s h  were  a g a i n  d i g e s t e d  and 
a n a l y z e d .  
A q u a t i c  m a c r o i n v e r t e b r a t e s  s u c h  a s  s n a i l s ,  Physa  sp., and Odonata  nymphs, 
Erlallagma T., L e u c o r r h i n i a  2. and Ery thmis  T., were  c o l l e c t e d  by  hand 
from a l g a l  mats growing i n  t h e  ponds. Ben th ic  m a c r o i n v e r t e b r a t e s  such as t h e  
l e e c h ,  Gloss iphonia  h e t e r o c l i t a ,  t h e  f i n g e r n a i l  clam, Musculium t ransversum,  
and t h e  t u b i f i c i d  a n n e l i d ,  Limnodri lus  h o f f m e i s t r i ,  were s e p a r a t e d  from 
E h a n  dredge  samples  by means of s o i l  s i e v e s .  
A q u a t i c  m a c r o i n v e r t e b r a t e s  were  brought  back t o  t h e  l a b o r a t o r y  and kep t  
a l i v e  i n  pond water .  Before  weighing,  t h e y  were  a l lowed t o  d r y  f o r  f i v e  
minu tes  and t h e n  sponged. Duckweed, Lemma minor was removed from t h e  
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w a t e r ,  sponged and weighed. Samples were k e p t  f r o z e n  p r i o r  t o  d i g e s t i o n .  
Labora to ry  Procedures  
Flanie a tomic  a b s o r p t i o n  spec t rophotomet ry  w a s  u t i l i z e d  t o  d e t e r m i n e  
metal c o n c e n t r a t i o n s  i n  a l l  samples a c c o r d i n g  t o  p rocedures  u t i l i z e d  by 
Math i s  and Cummings (1973). F i s h e s ,  f i s h  t i s s u e s  and i n v e r t e b r a t e s  were  
d i g e s t e d  i n  c o n c e n t r a t e d  n i t r i c  a c i d  w h i l e  bottom sed iments  were  e x t r a c t e d  
w i t h  n i t r i c  a c i d .  The amount of a c i d  used was recorded  and m e t a l  i m p u r i t i e s  
were s u b t r a c t e d  from f i n a l  r e a d i n g s .  
Water samples  were  f i l t e r e d  i n  o r d e r  t o  remove such i m p u r i t i e s  as c l a y  
p a r t i c l e s  and p lank ton .  Manganese was determined by a s p i r a t i n g  t h e  w a t e r  
samples d i r e c t l y  i n t o  t h e  spec t rophotomete r  b u t  l e a d  and cadmium had t o  b e  
c o n c e n t r a t e d  by e x t r a c t i o n  w i t h  ammonium p y r r o l i d i n e c a r b o d i t h i o a t e  i n t o  methyl  
i s o b u t y l  k e t o n e  (MIBK). I n  o r d e r  t o  perform l e a d  and cadmium d e t e r m i n a t i o n s ,  
a w a t e r  s a t u r a t e d  M I B K  b lank  w a s  c o n t i n u o u s l y  a s p i r a t e d  i n t o  t h e  spec t rophoto-  
meter i n  o r d e r  t o  o b t a i n  a c o n s t a n t  b a s e  l i n e  on t h e  r e c o r d e r .  A l l  samples 
were  ana lyzed  on a Perkin-Elmer model 290-B a tomic  a b s o r p t i o n  spec t rophoto-  
meter and metal c o n c e n t r a t i o n s  were  determined as fo l lows :  
ppm of metal X F i n a l  Volume of e x t r a c t  (10 mls)  = ppm of  metal 
i n  s o l u t i o n  grams of sample i n  sample 
RESULTS AND DISCUSSION 
Manganese 
Manganese, a s  opposed t o  cadmium and l e a d ,  i s  a b i o l o g i c a l l y  e s s e n t i a l  
m e t a l  i n  a l l  organisms (Rowen, 1966) inasmuch as i t  a c t i v a t e s  numerous enzymes. 
It i s  used e x t e n s i v e l y  f o r  manufactur ing s t e e l  a l l o y s ,  d r y - c e l l  b a t t e r i e s ,  
g l a s s ,  ce ramics ,  p a i n t s ,  v a r n i s h e s ,  i n k s ,  dyes  and matches (McKee and Wolf, 
1963).  Manganese i s  n o t  h i g h l y  t o x i c  t o  a q u a t i c  organisms. Clemens and Sneed 
(1939) r e p o r t e d  t h a t  f i n g e r l i n g  channel  c a t f i s h  were a b l e  t o  t o l e r a t e  40 ppm 
of manganese (from manganese disodium v e r s e n a t e )  f o r  f o u r  days .  McKee and 
Wolf (1963) suggested t h a t  1.0 ppn of manganese i s  no t  d e l e t e r i o u s  t o  f i s h  
and a q u a t i c  l i f e .  
I n  t h e  p r e s e n t  s tudy ,  h i g h e s t  c o n c e n t r a t i o n s  of manganese were found i n  
s n a i l s  and sed iments  (Fig.  1 ) .  On t h e  b a s i s  of t h i s  s t udy  i t  appears  t h a t  
s n a i l s  may he capab le  of accumulat ing manganese t o  l e v e l s  found i n  sediments.  
Sediments,  a s  w i t h  cadmium and l e a d ,  a c t e d  as a s i n k  f o r  manganese. 
D i f f e r ences  between t h e  ponds i n  t h e  c o n c e n t r a t i o n s  of manganese i n  
water  and sed iments  were no t  s i g n i f i c a n t  a t  t h e  .05 l e v e l  (Table  1 ) .  The 
me ta l  was more h i g h l y  concen t r a t ed  i n  h e a r t  t i s s u e  of bo th  s p e c i e s  of f i s h e s  
w i t h  lowest  c o n c e n t r a t i o n s  found i n  muscle t i s s u e  (Tables  2 ,  3 and 4 ) .  
Concent ra t ions  i n  whole f i s h  dec l i ned  s l i g h t l y  a s  weight  and l e n g t h  i nc r ea sed  
(See Appendix). Cross  e t  a l ,  (1973) r e p o r t e d  t h a t  manganese e i t h e r  dec r ea se s  
o r  remains c o n s t a n t  i n  whole f i s h  a s  a f u n c t i o n  of age.  Concen t ra t ions  of 
manganese i n  f i s h  o rgans  remained e s s e n t i a l l y  c o n s t a n t  o r  dec l i ned  s l i g h t l y  
w i t h  age a l s o  (See Appendix). There were, however, no s i g n i f i c a n t  d i f f e r e n c e s  
i n  m e t a l  c o n c e n t r a t i o n s  i n  f i s h e s  between t h e  ponds a t  t h e  .05 l e v e l  (Tables  5 
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DISTRIBUTION OF MANGANESE, CADMIUM AND LEAD I N  CAGED CHANNEL CATFISH - FALL, 1975 
I Contro l  Pond Experimental Pond 
Mean 3.9 0.78 2.53 3.9 0.75 2.50 
G i l l  Range 2.1 - 8.4 0.30 - 3.21 0.23 - 5.15 2.0 - 8.5 0.29 - 2.63 0.23 - 4.70 
N 3 0 31 3 1 3 0 31 31 
C.1. 3.3 - 4.4 0.53 - 1.10 2.00 - 3.05 3.3 - 4.5 0.54 - 0.95 2.00 - 2.88 
Organ Mn Cd Pb 




C. I .  
Mn Cd Pb 




C . I .  
Mean 2.6 0.19 0.60 2.8 0.20 0.84 
Whole Range 0.4 - 5.0 0.05 - 0.46 0.03 - 1.73 0.5 - 5.7 0.09 - 0.46 0.03 - 1.82 
' Fi sh  N 11 11 1 0  11 11 10 
C.1. 1.7 - 3.6 0.11 - 0.26 0.21 - 0.98 1.7 - 3.9 0.14 - 0.27 0.36 - 1.32 
Mean 
Liver  Range 
N 
C . I .  
Mean 
Muscle Range 
T i s sue  N 
C. I .  
* C . I .  = Confidence I n t e r v a l  (Mean + t .95  x s t anda rd  e r r o r  of t h e  mean). 
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DISTRIBUTION OF PIANGANESE, CADMIUM AND LEAD I N  CAGED GREEN SUNFISH 
Organ Mn Cd Pb I Mn C d Pb 
Con t ro l  Pond 
(ppm) (ppm> ( P D ~ )  I ( ~ m )  (DW) ( Q ~ J R )  
Mean 3.9 0.39 2.2 4.7 0.45 2.4 
Whole Range 0.7 - 8.2 0.03 - 0.90 0.2 - 6.3 0.7 - 10.2 0.05 - 1.24 0.2 - 4.5 
F i s h  N 4 7 4 8 4 8 5 1 5 0 5 1 
C.1 .  3.4 - 4.5 0.33 - 0.45 1 .8  - 2.7 4.1 - 5.2 0.37 - 0.53 2.0 - 2.8 
Exper imental  Pond 
Mean 7.8 1.5 4.6 7.4 1 .6  5.4 
G i l l  Range 0.7 - 27.8 1.0 - 7.3 0.6 - 12.4 4.4 - 15.8 1.0 - 7.3 0.8 - 20.8 
N 33 33 33 3 7 3 7 3 6 
C.1. 5.8 - 9.8 0.9 - 2.1 3.4 - 5.4 6.5 - 8.4 1 .1  - 2.1 4.1 - 6.7 
Mean 2 1 5 5 104 28 3 7 1 2 1  
Hear t  Range 3 - 214 2 - 560 7 - 1241 2 - 460 2 - 322 6 - 692 
N 3 7 38 38 3 7 3 8 3 8 
C.1. 7 - 34 1 3  - 97 35 - 174 3 - 53 17 - 55 64 - 178 
Mean 1.5 0.99 2.1 1.2 1.03 1.8 
L ive r  Range 0.2 - 7.5 0.15 - 4.41 0.2 - 7.8 0.2 - 7.4 0.31 - 4.88 0.4 - 5.7 
N 3 8 38 3 8 37 3 8 3 6 
C . I .  1.1 - 1.9 0.67 - 1.31 1.5 - 2.7 0.8 - 1.6 0.74 - 1.33 1.4 - 2.2 
Mean 0.64 0.31 0.94 0.72 0.47 0.90 
Muscle Range 0.19 - 2.85 0.006 - 2.15 0.03 - 3.90 0.07 - 2.85 0.09 - 3.39 0.03 - 3.40 
T i s sue  N 37 36 37 3 4 33 34 
C.1. U.44 - 0.84 0.17 - 0.44 0.67 - 1.28 0.47 - 0.96 0.23 - 0.71 0.62 - 1.18 
* C.I .  = Confidence I n t e r v a l  (Mean + t .95 x s t a n d a r d  e r r o r  of t h e  mean). 
TARLE 5 
SUMMARY TARLE FOR MLTLTIPLE ANOVAS - PfANGANESE I N  CHhYNEL CATFISH 
FROM CONTROL AND EXPERI~JENTAL PONDS 
F a l l ,  1975 Spring,  1976 
Organ Degrees of Freedom F Degrees of Freedom - F
Whole Fish 1,20 0.07 1 ,61  1.86 
G i l l  1 ,58 0.00005 1,54 0.07 
Heart 1,57 0.10 1,55 0.15 
Kidney 1 ,61  0.03 1 ,58  0.22 
Liver  1 ,61  0.70 1 ,58  0.64 
Musculature 1,59 2.1 1,55 0.0027 







































g r e e n  a l g a ,  Harvey (1967) concluded t h a t  n o n l e t h a l  v a r i a t i o n s  i n  wa te r  
t empera tu re  had no e f f e c t  on manganese uptake.  
Cadmium 
Cadmium was d e t e c t e d  a t  a l l  l e v e l s  i n  bo th  ponds (F ig .  2 ) .  I t  was more 
h i g h l y  c o n c e n t r a t e d  i n  a q u a t i c  i n v e r t e b r a t e s  than  i n  sediments .  I n  t h e  p r e s e n t  
s t u d y ,  Odonata nymphs ( d r a g o n f l i e s  and d a m s e l f l i e s ) ,  f i n g e r n a i l  clams, s n a i l s  
and worms had h i g h e r  c o n c e n t r a t i o n s  of cadmium t h a n  o t h e r  c.omponerlts of t h e  
system. I n  a n  e a r l i e r  s t u d y  of a  s t r e a m  ecosystem, Enk and ?!athis (1977) 
determined t h a t  Odonata nymphs had h i g h e r  cadmium c o n c e n t r a t i o n s  than  o t h e r  
a q u a t i c  i n s e c t s .  Tlie r e l a t i v e l y  h igh  l e v e l s  of cadmium observed i n  b o t h  
s n a i l s  and clams is i n d i c a t i v e  of t h e  a b i l i t y  of m o l l u s c s  t o  accumulate  t h e  
m e t a l  t o  h i g h e r  t h a n  background l e v e l s ,  a n  o b s e r v a t i o n  r e p o r t e d  by Eus tace  
(1974) and E i s l e r ,  Zargoogian and Hermekey (1972). 
As r e p o r t e d  i n  e a r l i e r  i n v e s t i g a t i o n s ,  sed iments  a c t  as a  s i n k  f o r  
cadmium (Mathis  and Cummings, 1973; Mathis  and Kevern, 1375; and Enk and 
Elathis,  1977).  I n  t h e  p r e s e n t  s t u d y ,  t h e r e  was roughly  450 t imes  as much 
cadmium i n  sed iments  a s  i n  water  and t h e  d i f f e r e n c e s  i n  c o n c e n t r a t i o n s  i n  
b o t h  ponds were i n s i g n i f i c a n t  a t  t h e  .05 l e v e l  (Table  1 ) .  
An a n a l y s i s  o f  cadmium i n  caged channe l  c a t f i s h  and g r e e n  s u n f i s h  
i n d i c a t e d  t h a t  c o n c e n t r a t i o n s  a r e  q u i t e  v a r i a b l e  i n  whole f i s h  a s  w e l l  a s  
s e l e c t e d  o r g a n s  b u t  t h a t  h e a r t  t i s s u e  had h i g h e r  c o n c e n t r a t i o n  (Tab les  2 , 3  
and 4 ) .  There  was no s i g n i f i c a n t  c o r r e l a t i o n  between l e n g t h ,  weight  and 
cadmium c o n c e n t r a t i o n  i n  e i t h e r  s p e c i e s ,  a n  o b s e r v a t i o n  e a r l i e r  r e p o r t e d  by 
Eus tace  (1974),  L o v e t t  e t  a l .  (1972) and Havre, Underdal and C h r i s t i a n s e n  
(1973). 

Any e f f e c t  of t empera tu re  o n  t h e  up take  o f  cadmium by b o t h  g r e e n  
s u n f i s h  and c a t f i s h  was n o t  d i s c e r n i b l e  i n  t h i s  s tudy .  A n a l y s i s  of 
v a r i a n c e  showed any d i f f e r e n c e s  i n  c o n c e n t r a t i o n s  between ponds t o  b e  
i n s i g n i f i c a n t  a t  t h e  .05 l e v e l  (Tables  7  and 8) .  Jude  (1973) r e p o r t e d  
t h a t  t h e  e f f e c t s  of t empera tu re  o n  cadmium u p t a k e  i n  g r e e n  s u n f i s h  w a s  
s f  l i t t l e  importance.  
Lead 
Lead was p r e s e n t  i n  g r e a t e s t  c o n c e n t r a t i o n  i n  s n a i l s  and clams of b o t h  
ponds (Fig .  3 ) ,  S n a i l s  are c l a s s i f i e d  a s  d e t r i t u s  f e e d e r s  and g r a z e r s  and 
i t  has  been shown by o t h e r  i n v e s t i g a t i o n s  (Enlc and Mathis  1977; Leland and 
McNurney, 1974) t h a t  t h e y  t y p i c a l l y  c o n t a i n  c o n c e n t r a t i o n s  of l e a d  h i g h e r  t h a n  
c o n c e n t r a t i o n s  i n  sed iments .  Bottom d w e l l i n g  f i n g e r n a i l  clams a l s o  e x h i b i t e d  
c o n c e n t r a t i o n s  of l e a d  h i g h e r  t h a n  i n  sediments .  I n  a n  e a r l i e r  s t u d y ,  Mathis  
and Cwnmings (1973) r e p o r t e d  t h a t  l e a d  c o n c e n t r a t i o n s  i n  t h r e e  s p e c i e s  of 
f r e s h w a t e r  mussels  were somewhat less t h a n  c o n c e n t r a t i o n s  i n  sediments .  I n  
t h e  p r e s e n t  s t u d y ,  however, t h e  whole organism ( v a l v e s  i n c l u d e d )  was d i g e s t e d  
f o r  a n a l y s i s  w h i l e  s o f t  t i s u u e  on ly  w a s  u t i l i z e d  i n  t h e  1973 s t u d y .  Mussels  
have been sugges ted  as i n d i c a t o r s  of l e a d  con tamina t i sn .  The common mussel  
P iy t i lus  e d u l i s ,  d i r e c t l y  r e f l e c t s  t h e  a c t u a l  l e a d  c o n c e n t r a t i o n  i n  t h e  
environment (SchuPz-Baldes, 1973) .  
As was t h e  c a s e  w i t h  manganese and cadmium, d i f f e r e n c e s  i n  l e a d  
c o n c e n t r a t i o n s  i n  water and sediments  between ponds were i n s i g n i f i c a n t  a t  t h e  
.05 l e v e l  (Tab le  1 ) .  Bottom sed iments  a l s o  a c t e d  as a s i n k  f o r  t h e  m e t a l  
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I n  t h i s  s t u d y ,  a n a l y s i s  of v a r i a n c e  showed no s i g n i f i c a n t  d i f f e r e n c e s  
i n  l e a d  c o n c e n t r a t i o n s  of f i s h e s  between t h e  two ponds a t  t h e  .05 l e v e l  
(Tab les  9  and 10) .  As wi th  cadmium, t h e r e  was no c o r r e l a t i o n  between 
a g e  (weight and l e n g t h )  and l e a d  c o n c e n t r a t i o n  (See Appendix). Hear t  t i s s u e  
i n  both  s p e c i e s  had h i g h e s t  mean c o n c e n t r a t i o n s  of l e a d  (Tab les  2 ,  3 and 4)  
and c o n c e n t r a t i o n s  i n  i n d i v i d u a l  f i s h e s  v a r i e d  c o n s i d e r a b l y .  I n  a  s t u d y  
of brook t r o u t  liolcombe e t  a l .  (1976) r e p o r t e d  t h a t  g i l l ,  l i v e r  and kidney 
t i s s u e  accumulated t h e  g r e a t e s t  amount of l e a d .  
A l l  t h r e e  m e t a l s  examined i n  t h i s  s tudy  appear  t o  be u n a f f e c t e d  by 
the rmal  enr ichment  of 4 -6 '~  above ambient .  The model of compar tmenta l i za t ion  
determined f o r  t h e  c o n t r o l  pond was, w i t h  minor v a r i a t i o n s ,  m i r r o r e d  by t h e  







































































































The dynamics of manganese, cadmium and l e a d  i n  exper imenta l  power p l a n t  
ponds were s t u d i e d  by means of a tomic  a b s o r p t i o n  spec t rophotomet ry .  Two ponds 
were  u t i l i z e d  i n  t h e  s t u d y  w i t h  one pond s e r v i n g  as a  c o n t r o l  pond and t h e  
o t h e r  as a n  exper imenta l  pond. Two p o p u l a t i o n s  of channe l  c a t f i s h  and one  
p o p u l a t i o n  of g r e e n  s u n f i s h  were exposed t o  a t e m p e r a t u r e  d i f f e r e n t i a l  of 
4-6% d u r i n g  t h e  s tudy .  S i g n i f i c a n t  d i f f e r e n c e s  i n  c o n c e n t r a t i o n s  of t h e  
t h r e e  metals i n  f i s h e s ,  sed iments  and w a t e r  from t h e  ponds were n o t  d i s c e r n i b l e  
a t  t h e  .05 l e v e l .  
S n a i l s  and duckweed had c o n c e n t r a t i o n s  of manganese similar t o  c o n c e n t r a t i o n s  
i n  sediments .  Cadmium, on t h e  o t h e r  hand, w a s  more h i g h l y  c o n c e n t r a t e d  i n  
t u b i f i c i d  worms, f i n g e r n a i l  c lams,  s n a i l s ,  l e e c h e s  and Odonata nymphs than  
i n  sed iments .  F i n g e r n a i l  clams and s n a i l s  e x h i b i t e d  h i g h e r  l e a d  c o n c e n t r a t i o n s  
t h a n  sed iments  w h i l e  t u b i f i c i d  worms and l e e c h e s  had c o n c e n t r a t i o n s  similar 
t o  sediments .  
Whole f i s h  had lower c o n c e n t r a t i o n s  of a l l  t h r e e  metals than  any of t h e  
components t h a t  were ana lyzed  e x c e p t  f o r  water. Manganese i n  whole f i s h  was 
c o n c e n t r a t e d  20 t i m e s  o v e r  w a t e r  w h i l e  cadmium was 170 t imes  g r e a t e r  t h a n  
water and l e a d  was 460 t imes  more t h a n  water. 
There  w a s  no c o r r e l a t i o n  between a g e  (weight  and l e n g t h )  and c o n c e n t r a t i o n s  
of cadmium and l e a d  i n  e i t h e r  whole f i s h e s  o r  t i s s u e s .  Manganese i n  whole 
f i s h ,  on t h e  o t h e r  hand, d e c l i n e d  s l i g h t l y  a s  we igh t  and l e n g t h  i n c r e a s e d .  
Compartmental iza t ion of t h e  t h r e e  m e t a l s  a p p e a r s  t o  b e  u n a f f e c t e d  by 
the rmal  enr ichment .  
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E l a p s e d  T i m e  - D a y s  
F i g u r e  5. Cadmium i n  whole c h a n n e l  catfish. Upper 
g r a p h  = F a l l ,  1975;  lower  g r a p h  = S p r i n g ,  1976. [- = c o n t r o l  pond; = c x p e r i n e n t a l  pond; 
L-'---I = r ange .  
E l a p s e d  T i r n e  - D a y s  
F i g u r e  6, Lead i n  whole c h a n n e l  c a t f i s h ,  Upper 
g raph  = F a l l ,  1975; lower = S p r i n g ,  1976. 
-1 = c o n t r o l  pond; e x p e r i m e n t a l  pond ; 
k-- -  -r = range .  
E l a p s e d  T i m e  - D a y s  
F i g u r e  7. Manganese i n  g i l l  t i s s u e  of channe l  c a t f i s h .  
Upper g raph  = F a l l ,  1975; lower g r a p h  = Spr ing ,  
1976. 1 1  = c o n t r o l  pond; r/I/J = exper imenta l  
pond; c-- -I  = range.  
E l a p s e d  T i m e  - D a y s  
F i g u r e  8. Cadmium i n  g i l l  t i s s u e  of cilannel. c a t f i s h .  
Upper g r a p h  = F a l l ,  1975; lower  g r a p h  = S p r i n g ,  
1976. 1-1 = c o n t r o l  pond; Pm= e x p e r i m e n t a l  
pond; +---- I = range .  

E l a p s e d  T i m e  - D a y s  
Figure  10. Manganese i n  h e a r t  t i s s u e  of channel c a t f i s h .  
Upper graph = F a l l ,  1375; lower graph = Spring,  
lY76. = c o n t r o l  pond; 1/7/I = experimental  
pond; I-----\ = range. 
E l a p s e d  T i r r ~ e  - D a y s  
F i g u r e  11. Cadmium i n  h e a r t  t i s s u e  of c h a n n e l  c a t f i s h .  
Upper g raph  = F a l l ,  1975; lower  g r a p h  = S p r i n g ,  
1976. 1- = c o n t r o l  pond; W A  = e x p e r i m e n t a l  
pond; e---I = range .  
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E l a p s e d  T i m e  - D a y s  
F i g u r e  14. Cadmium i n  kidney t i s s u e  of channe l  c a t f i s h .  
Upper g raph  = F a l l ,  1975; lower  g r a p h  = S p r i n g ,  
1976. I ] =  c o n t r o l  pond; 1/771= e x p e r i m e n t a l  
pond; I - - - -  4 = range .  
E l a p s e d  T i m e  - D a y s  
F i g u r e  15. Lead i n  k idncy  t i s s u e  of channe l  c a t f i s h .  
Upper g raph  = F a l l ,  1975; lower  g raph  = S p r i n g ,  
1976. 1 1  = c o n t r o l  pond; r A  = e x p e r i m e n t a l  
pond; r---- I = range.  
E l a p s e d  T i r n e  - D a y s  
F i g u r e  16.  Manganese i n  l i v e r  t i s s u e  of c h a n n e l  c a t f i s h .  
Upper g raph  = F a l l ,  1975; lower  g r a p h  = S p r i n g ,  
1976. ]-I= c o n t r o l  pond; m= exper imenta l  
pond; c- - -a  = range .  
E l a p s e d  T i r n e  - D a y s  
F i g u r e  17.  Cadmium i n  l i v e r  t i s s u e  o f  c h a n n e l  c a t f i s h .  
Upper g r a p h  = F a l l ,  1975; lower  g r a p h  = S p r i n g ,  
1976. T I =  c o n t r o l  pond; [ZZa= e x p e r i m e n t a l  
pond; P---- I = r ange .  

E l a p s e d  T i m e  - D a y s  
F i g u r e  19.  Manganese i n  muscle t i s s u e  of channe l  c a t f i s h .  
Upper g raph  = F a l l ,  1975; lower g raph  = Spr ing ,  
1976. n I= c o n t r o l  pond; F A =  e x p e r i m e n t a l  
pond; c - - - - l =  range .  
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E l a p s e d  T i r n e  - D a y s  
Figu re  21. Lead i n  muscle t i s s u e  of channel  c a t f i s h .  
Upper g raph  = F a l l ,  1975; lower graph = Spr ing ,  
1976. 1 1  = c o n t r o l  pond; v A  = exper imenta l  
pond; b--- - I  = range.  

E l a p s e d  T i m e  - D a y s  
Figu re  23 .  Cadmium i n  whole green  sun f i sh .  I ] =  c o n t r o l  
pond; r f l =  experimental  pond; &----I= range. 
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E l a p s e d  T i m e  - D a y s  
F i g u r e  27. Lead i n  g i l l  t i s s u e  of g r e e n  sun f i sh .  1-1 = 
c o n t r o l  pond; [T7-4 = exper ime~zta l  pond; F----t= range. 
*a8ue~ =I-----I fpuod pauamr~adxa = I/7 fpuod ~o~auo:, 
= 71 -qsTSuns uaa~B 30 anssra axEarl ur asaue8ue~ -8z aznQd 
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E l a p s e d  T i m e  - D a y s  
Figu re  31. Manganese i n  l i v e r  t i s s u e  of g reen  sun f i sh .  1-1 = 
c o n t r o l  pond; = experimental  pond; k - - - i =  range. 

E l a p s e d  T i m e  - D a y s  
Figure 33. Lead i n  l i v e r  t i s sue  of green sunfish. I-\= 
control pond; v d  = experimental pond; k-----  I= range. 
E l a p s e d  T i m e  - D a y s  
Figure  3 4 .  Manganese i n  muscle t i s s u e  of g reen  sun f i sh .  1-13 
c o n t r o l  pond; 177-4 = experimental  pond; C- - - - I =  range. 


